To date, despite the fact it represents a very important part of the national dairy production, no data are available concerning the concentrations of polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), and polychlorinated biphenyls (PCBs) in camel milk from the Republic of Kazakhstan. Selected PCDDs, PCDFs, and PCBs were measured in pools of milk from camels (n = 15) located in various places of Kazakhstan (Almaty, Atyrau, Aralsk, Shymkent) and sampled at two different seasons for two different species (Camelus bactrianus and Camelus dromedarius). Non-dioxin-like (NDL-)PCB concentrations (6.3 ± 2.7 ng g À1 fat, median 5.1 ng g À1 fat, range 0.6-17.4 ng g À1 fat) were far below the maximum value of 40 ng g À1 fat proposed by the EU. Dioxin-like (DL-)PCB concentrations (1.7 ± 0.7 ng g À1 fat, median 1.5 ng g À1 fat, range 0.3-4.2 ng g À1 fat) and the NDL-PCB to DL-PCB ratio (4.3) were similar to what is reported in EU for cow-based dairy products. PCB 52 and PCB 101 appeared to be proportionally more present in Kazakh camel milk samples (>60% of the sum of the 6 indicator NDL-PCBs) than in European cow milk samples (<10% of the sum of the 6 indicator NDL-PCBs), indicating possible differences in the route of exposure to PCBs in Kazakhstan. PCB 105 and PCB 118 appeared to be present at higher concentrations in camel milk (>80% of the sum of the 12 DL-PCBs). PCB 105, PCB 118 and PCB 156 were the major congeners for DL-PCBs, accounting for 92% of the sum of concentrations of DL-PCBs (88% for Belgian cows). In terms of TEQ, PCB 126 and PCB 118 are the major contributors and represent, respectively, 80% and 14% of the DL-PCB TEQ WHO05 concentrations. No significant interracial or geographical trends were observed for NDL-and DL-PCB profiles. However, concentrations of all DL-PCBs appeared to be significantly higher for samples collected in Atyrau region. 2,3,7,8-TCDD level (mean 0.08 ± 0.07 pg g À1 fat, median 0.08 pg g À1 fat, range 0.00-0.18 pg g À1 fat, 60% > LOQs) were very low for all samples and 2,3,4,7,8-PeCDF was the major contributor (27%) to the PCDD/F TEQ WHO05 . Considering the total TEQ WHO05 (sum of DL-PCBs and PCDD/Fs), DL-PCB and PCDD/F contributed for 73% and 27%, respectively. A decrease of only 1% of the total TEQ was observed when using the TEF WHO05 scale instead of the TEF WHO98 scale. Two samples collected in the region of Atyrau exceeded the EU maximum level value of 6.00 pg TEQ WHO98 g À1 fat (6.4 pg TEQ WHO05 g À1 fat and 6.9 pg TEQ WHO05 g À1 fat). Both samples exceeded the EU action level for the sum of DL-PCBs. Based on the fact that camel milk is used to prepare popular traditional fermented drinks like shubat, this suggests that the human exposure in the Caspian Sea region of Atyrau should be expected to be higher than in the other regions studied here.
Introduction
Kazakhstan is a large country (2 717 300 km 2 ) that is approximately 80% desert and steppe with only around 15.5 Â 10 6 inhabitants and that is made of approximately 80% of desert and steppe. Around 40% of the total Kazakhstan population leaves in rural regions and depends on traditional breeding of cattle. The main feeding resources for those cattle are the natural pastures located in various places of the country. Pasture resources have been reduced since 1960s by conversion into agricultural zones that further reduced the water reserves near the remaining grazing areas. Additionally, the end of the Soviet Union has been followed by an important decrease of all livestock and today's number are not yet back to the pre-independency situation. Currently, livestock are mainly made of cattle, sheep, horse, and camel. The particularity of Kazakhstan is to breed horses and camels in addition to cows for dairy production. There are however, to our best knowledge, no national statistical data available for horse and camel milk production, but it could represent more than 25% of the whole consumed milk in the country. The milk from those two non-conventional dairy animals is generally transformed and consumed in traditional fermented drinks called kumis for horses and shubat for camels. This is specific to Central Asia steppes where traditional preparation procedures are culturally important. Those liquid preparations can somewhat be compared to the cheese preparation in Western European countries. Physicochemical properties of camel milk are quite different from cow milk properties: higher triglyceride and mono-saturated fatty acids content, lower thermal stability, better buffer properties, high content in vitamin C (Rüegg and Farah, 1991; Konuspayeva et al., 2008) . Additionally, camel milk is reported to exhibit anti-infectious properties (Djangabilov et al., 2000) , to stimulate the immune system (Yagil and Van Creveld, 2000) , to reduce insulin dependency in diabetes patients (Agrawal et al., 2003) , to have a stimulating effect and anti-allergenic properties (Restani et al., 1999) . Camel milk also contains significantly higher concentrations of lactoferrin (El-Hatmi et al., 2006) (used in cancer treatments) and immunoglobulin G (IgG, important in early stage of life) than cow milk (El Agamy, 2000; Konuspayeva et al., 2006) , which makes it of interest as a substitute for cow milk. For those reasons, camel milk and derivatives are very popular in several countries of Central Asia like Kazakhstan where one estimate is more than 150 000 the number of camels reared for milk production (Food and Agriculture Organization of the United Nations, 2010). It results in an important camel milk consumption (30-35 kg person À1 year
À1
), especially in rural regions (Agency of Statistic of the Republic of Kazakhstan, 2010) . Large-scale milk factories based on camel milk are however quite rare and not subject to clear regulations in terms of quality control.
Certain places in Central Asian Republics are known to be potentially contaminated by toxic compounds like radio nuclides, heavy metals, persistent organic pollutant (POPs), . . . (Faye and Sinyavskiy, 2008; Konuspayeva et al., 2011) . The ecologically threatened Aral and Caspian seas in southwest, the former nuclear testing site of Semipalatinsk in the north east, several chemical and petrochemical plants, many cotton growing farms, as well as mining industries and uncontrolled waste burning and disposal are example of ruthless exploitation of natural resources and make Kazakhstan of real concern in terms of pollution monitoring (Baranik et al., 2004; Erdinger et al., 2004) . In terms of POPs, large quantities of organochlorine pesticides have been (are potentially still) used to control parasites and increase the yield of cotton for intensive farming. In addition, industrial pollutants such as polychlorinated biphenyls (PCBs) and polychlorinated dibenzop-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) are also released and accumulate at various levels in the environment and food chain (Lederman, 1996; Jensen et al., 1997) .
There are a few publications on PCB and PCDD/F concentrations in the Kazakhstan population. In 1998, She et al. reported concentrations of PCBs measured in mother milk samples collected in rural and urban areas of Southern Kazakhstan to be lower or similar to concentrations measured in Western Europe. Lutter et al. (1998) reported similar findings, but highlighted the exception of rural cotton growing areas of Djetisay and Kyrov where 2,3,7,8-substituted tetrachlorinated dibenzo-p-dioxin (2,3,7,8-TCDD) concentrations were similar to those reported for breast milk collected in South Vietnam in the early 1970s at the time Agent Orange was sprayed by US troops. Hooper et al. (1998) also reported elevated 2, 3, 7, 2, 3, 7, 2, 3, 7, concentrations in mother milk collected in 1994 and 1996 in rural areas where state farms were located. In the rural region, TCDD concentrations in breast milk did not correlate with cottonseed oil consumption, although it did correlate with kefir (a creamy drink made of fermented cow's milk) consumption. The probable source of dioxin exposure was related to aerial application of potentially TCDD contaminated 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) defoliant in cotton growing agricultural regions of Southern Kazakhstan (Hooper et al., 1999) . It was further reported that TCDD was also detected in some foodstuffs of animal origin like cow's milk, lamb and butter. Despite the evidence of exceptionally high concentrations for a specifically exposed part of the population, those studies concluded that promotion of good breastfeeding practices and continuation of breastfeeding should still be recommended in Kazakhstan.
Although Western European cow milk production is continuously monitored for PCDD/Fs and PCBs, no controls are performed in Kazakhstan and virtually no data are even available concerning concentrations in foodstuffs of animal origin, especially camels. In this study, a sampling plan was designed to estimate the background concentrations of 35 PCDD/F and PCB in milk of Bactrian camels (double humped) and dromedaries (Arvana breed) located in various places of Kazakhstan (Almaty, Atyrau, Aralsk, Shymkent).
Experimental

Chemicals
All data concerning the quality and potential pre-treatment of the entire set of chemical used for those analyses are available in a previous report (Focant et al., 2001) . All isotope dilution calibration, internal, and recovery standards were purchased from Cambridge Isotope Laboratory (Cambridge Isotope Laboratories Inc., Andover, MS, USA). A labelled internal standard (I.S.) solution made of a mixture of the 13 C PCDD/Fs and PCBs was prepared to facilitate the spiking procedure of the samples. All standards were in nonane. Quality control (QC) samples consisted of a home made pool of cow milk fortified with the PCDD, PCDF, and DL-PCB congeners at a level below the EU regulation value (6 pg WHO-PCDD/F-PCB TEQ g À1 fat) (Commission Regulation 1881 . The PCDD/F TEQs and DL-PCB TEQs of those QC samples were calculated and plotted against reference values obtained from validation replicates. Classical Shewhart control charts were used to ensure proper measurements. QC samples related to the present study did comply with regular QC chart rules and all data were inside the ±2 SD interval. All other QA/QC criteria are similar to those we routinely use for food control under EU regulation (Focant et al., 2002; Focant et al., 2003) .
Sample collection and storage
A total of 127 camel milk samples were collected for the present study. They originated from four regions of Kazakhstan (Almaty, Atyrau, Aralsk and Shymkent) (Fig. 1 ) and the milk was collected at two different seasons (spring and fall). Samples came from 57 Kazakh Bactrian camels (double humped) and 70 dromedaries (Arvana breed). This sampling procedure aimed to maximize the observed variability. All samples were collected at the end of milking, kept refrigerated until they reached the laboratory, then frozen and stored at À18°C. Samples collected at the same season and originating from the same region were pooled. This resulted in 15 composite samples (two seasons, two species, four regions, with no data for fall milk samples of dromedaries in Aralsk). The lipid content of each pooled sample was determined gravimetrically.
Sample preparation and quality control
Measurements were performed on 15 pooled samples. All samples were processed in series of routinely analyzed samples (one method blank, one instrumental blank, one QC and 10 unknown) in an ISO17025 BELAC accredited laboratory. Sample sizes ranged between 35 and 50 mL. Each pool was liquid-liquid extracted. For this particular study, a modified method was used. Ethanol (40 mL) and ammoniac (10 mL) were added to 50 mL of milk in a separatory funnel. Diethyl ether (50 mL) was added after 1 min of shaking. The mixture was shaken for one more minute and let stand until phase separation. Hexane (50 mL) was then added and the solution was gently agitated. The aqueous layer was discarded after 15 min of gravimetric phase separation. For blank samples, the same sample procedure was used but water replaced the milk sample. The organic phase was dried over 20 g of sodium sulfate placed on a paper filter inserted in a funnel and pumped with a water pump. The solvent was removed by a rotary evaporator at 30°C and reduced pressure. The fat residue was weighed until constant weight (less than 1.5% variation). This weight was defined as the lipid content of samples. The fat was dissolved again in 50 mL of hexane and spiked with the internal standard that contained all analytes of interest.
The first step of sample clean-up was a multilayer silica gel column in a disposable glass column plugged with glass wool. From bottom to top, it contained 5 g of sodium sulfate, 5 g of silicagel, 20 g of 44% sulfuric acid silica gel, and 20 g of 22% sulfuric acid silica gel. It was washed with 150 mL of hexane before use. The fat sample was applied on the column and eluted with 150 mL of hexane. The volume of the eluate was reduced to 20 mL before the next step. Further sample clean-up was achieved using an automated system (Power-Prep™, Fluid Management Systems Inc., Waltham, MA, USA) (Focant et al., 2004) 
Instrumentation
Measurements of MO-PCBs and NDL-PCBs were carried out on a MAT95 XL (ThermoFinniganMAT, Bremen, Germany). The GC column was an HT-8 (25 m Â 0.22 mm ID Â 0.25 lm df) (SGE, Villebon, France). 1.2 lL of the final extract in nonane (95 lL) were injected into a split/splitless injector held at 275°C in splitless mode. Measurements of PCDDs, PCDFs, and NO-PCBs were carried out on an Autospec Ultima (Micromass, Manchester, United Kingdom) The GC column was a VF-5MS (50 m Â 0.2 mm ID Â 0.33 lm df) (Varian Inc., Sint-Katelijne-Waver, Belgium). Five microliters of the final extract in nonane (10 lL) were injected into programmable temperature vaporization (PTV) injector (Agilent Technologies, Diegem, Belgium). For both injections, Helium was used as the carrier gas at constant flow rate of 1.2 mL min À1 and the HRMS instrument was operated in selected ion monitoring (SIM) mode. Two ions were monitored for both native and labels for isotope ratio check. Additional GC and HRMS parameters were described previously (Focant et al., 2006) . Both instrumental and procedural blanks (BCs) were 
Results and discussion
Lipid contents
The mean value for all samples (by weight) was 4.7 ± 1.2% (median 4.3%, range 3.3-7.4%). No significant differences were observed between camel species or in relation with seasonal sampling (Fig. S1 , Supplementary data). The mean value for Bactrian was larger (5.3 ± 1.3%) than for dromedary (4.4 ± 0.8%), but both groups were characterized by the same median lipid content values of 4.3%. The lower and higher lipid contents were observed for dromedary in spring (mean 4.2 ± 0.5%, median 4.2%), and Bactrian in spring (mean 5.3 ± 1.3%, median 5.0%), respectively. From all samples, Bactrian in fall expressed the larger lipid content range (3.3-7.4%). Although one could have expected somewhat lower lipid content for spring samples because of potentially lower food intake during winter season, those data do not describe a clear seasonal influence on the lipid content for both species. Globally, the reported mean values are similar to the few available values for Kazakhstan, as reported by Konuspayeva et al. (2010) 5.9 ± 2.5%, Serikbaeva and Toktamysova, 2000 5.2% , and Urbisinov (unpublished results) 5.1%.
NDL-PCB concentrations
The mean NDL-PCB level, based on the sum of PCB 28, PCB 52, PCB 101, PCB 138, PCB 153, and PCB 180 for all samples was 6.3 ± 2.7 ng g À1 fat (median 5.1 ng g À1 fat, range 0.6-17.4 ng g À1 fat) ( Table 1) . From a recent European Food Safety Authority (EFSA) report (EFSA, 2010a) based on data issued form 18 EU member states, Iceland, and Norway (n = 5640) , the mean of the sum of the 6 indicator NDL-PCBs for dairies in Europe is 9.2 ± 3.4 ng g À1 fat (median 9.0 ng g À1 fat). Although the mean value might be biased by samples issued from specific contamination incidents, the comparison of the median values indicates that Kazakh camels were showing NDL-PCB concentrations below European cows. Those concentrations are well below the maximum level of (SANCO/13331, 2010) for the sum of the 6 indicator NDL-PCBs in raw milk. Bactrian NDL-PCB concentrations (mean 7.2 ± 3.2 ng g À1 fat, median 6.6 ng g À1 fat, range 0.6-17.4 ng g À1 fat), were higher than dromedary concentrations (mean 5.1 ± 2.0 ng g À1 fat, median 6.4 ng g À1 fat, range 1.3-8.3 ng g À1 fat), essentially because of the higher concentrations for PCB 52 and PCB 101 (Fig. 2a) , which surprisingly appeared to contribute more than 60% to the sum of NDL-PCB concentration although limited to less than 10% for European dairies where this is the sum of PCB 138 and PCB 153 that typically account for more than 60% to the sum of NDL-PCB concentration (Fig. 2b) . The reported high concentrations for PCB 52 and PCB 101 are not to be related to quantification or blank issues since respectively only 13% and 7% of the recorded data were below LOQs (Table 1) . PCB 138 and PCB 153 concentrations were always above LOQs. Although it is known that some species differences can exist in the metabolism of dioxins (Olson, 1983) , such an important difference in congener specific bio-accumulation or metabolization is unlikely to exist between camels and cows, such a difference in NDL-PCB profiles tends to indicate a possible difference in the route of exposure, such as ambient air and soil, in Kazakhstan, compared to European countries. One cannot exclude the possibility that the extensive use of trichlorobiphenyl mixtures by large capacitor plants until the beginning of the 1990s could somehow be related to this uncommon pattern. Recent reports (International POPs Elimination Project, 2006; Ishankulov, 2008) highlighted the lack of available information concerning disposal of PCB-containing waste from old capacitor plants or electric substations, as well as the need for a comprehensive inventory of PCBs reservoirs in Kazakhstan.
To the best of our knowledge, no other data have been reported for NDL-PCBs in Kazakh camel milk and thus make any national comparison impossible. Based on the present set of data, no significant differences were observed in terms of seasonal variation for NDL-PCB concentrations. Furthermore, it was not possible to unequivocally identify a particular geographical region which could be responsible for this specific trend. Data from the Aralsk region were nevertheless located in the upper part of the range, especially for PCB 52 and PCB 101 (Fig. 2c) . Further measurement campaigns are needed to confirm those observations. Such campaigns should at least include the measurement of the classical 6 indicator NDL-PCBs, but could also be extended to a larger list of congeners to improve chances of source tracking by creating more detailed congener patterns that could be used in environmental forensic investigations. If those patterns then appear to be significantly different from classical ones, one might have to reconsider measuring only those 6 indicator NDL-PCBs to assess the total NDL-PCB content, as the accepted idea that they contribute to about 50% of the total NDL-PCB content (EFSA, 2005) was not upheld in this particular case. Additionally, because camel milk could be used as a human milk substitute and because intakes during the nursing period are known to be a couple of orders of magnitude higher than for adults, the unusual PCB 52 and PCB 101 pattern should be elucidated, as the lower chlorinated congeners are known to cause DNA damages (Schilderman et al., 2000) .
NO-PCB and MO-PCB concentrations
The mean NO-PCB and MO-PCB level, based on the sum of PCB 77, PCB 81, PCB 126, PCB 169, PCB 105, PCB 114, PCB 118, PCB 123, PCB 156, PCB 157, PCB 167, and PCB 189 for all samples was 1.7 ± 0.7 ng g À1 fat (median 1.5 ng g À1 fat, range 0.3-4.2 ng g À1 fat) ( Table 1 ). Signals below LOQs we treated as equal to zero for calculations of concentrations. Based on median values, ratio analysis showed that the sum of the 6 indicator NDL-PCBs was 3.4 times higher than the sum of the 12 DL-PCBs, which is similar to what is reported in EU for dairy products (EFSA, 2010a). In terms of profiles, the DL-PCB congener distribution for camel milk looks similar to the one of Belgian cows, except for PCB 105 and PCB118 that are present at significantly higher mean concentrations for camel milk samples (Fig. 3) . PCB 105, PCB 118, and PCB 156 are the major congeners for DL-PCBs, accounting for 92% of the sum of concentrations of DL-PCBs (88% for Belgian cows).
In terms of DL-PCB (sum of 4 NO-PCBs and 12 MO-PCBs) TEQ concentrations, the mean values for all camel milk samples were 2.01 ± 1.26 pg TEQ WHO98 g À1 fat (median 1.52 pg TEQ WHO98 g Table 2) . As for cow milk, PCB 126 and PCB 118 are the major contributors and represent, respectively, 87% and 5% of the DL-PCB TEQ WHO98 concentrations and 80% and 14% of the DL-PCB TEQ WHO05 concentrations, which correspond to the three-fold higher TEF WHO05 for PCB 118. The respective contributions of the NO-PCBs and MOPCBs to the DL-PCB TEQ concentrations are 88% and 12% of the DL-PCB TEQ WHO98 concentrations and 83% and 17% of the DL-PCB TEQ WHO05 concentrations. Although a decrease of 6% of the DL-PCB TEQ value was reported for European cows when using TEF-WHO05 , an increase of 8% was observed for Kazakh camels. This increase is in opposition with the few trends available in the literature (Wittsiepe et al., 2007; Hong et al., 2009) . The doubling of DL-PCB TEQ concentrations for Kazakh camels compared to European cows is due to the doubling of PCB 126 TEQ contribution and this congener TEF value has not been modified in the TEF WHO05 scale.
No significant interracial or geographical trends were observed for DL-PCB profiles. However, concentrations of all DL-PCBs appeared to be significantly higher for samples collected in Atyrau region ( Fig. 4a and b) . For Almaty, Atyrau, Aralsk, and Shymkent, concentrations of the sum of TEQ WHO05 DL-PCBs were, respectively, 0.90 ± 0.12 pg TEQ WHO05 g À1 fat, 4.29 ± 0.94 pg TEQ WHO05 g À1 fat, 1.76 ± 0.43 pg TEQ WHO05 g À1 fat, 1.58 ± 0.23 pg TEQ WHO05 g À1 fat. Those higher concentrations observed for Atyrau (Caspian Sea region) are partly responsible for the relatively elevated DL-PCB concentrations reported for camels. Because of the lack of laws and regulations on safe management of PCB-containing equipment and materials in Kazakhstan, it is difficult to estimate if the use of capacitors and transformers by the power industry is significantly larger in that area. Additionally, one should also consider the fact that the Atyrau region hosts the field of Tengiz, the largest producing oil field of the country. Despite efforts to reduce the associated natural gas flaring, Kazakhstan is still in the top five of global gas flaring countries worldwide with more than five billions of cubic meters flared in 2008 (Kazakh law on petroleum, 1995; Rahimbergenov, 2008; National geophysical data center, 2010) . The potential link between production of dioxin-like compounds during gas flaring and relatively elevated DL-PCB concentrations reported for camels in the region of Atyrau cannot be established so far, but the present data should motive additional investiga- tions. Nevertheless, in their study of Kazakhstan human milk, Hooper et al. (1998) also reported higher DL-PCB levels for the region of Atyrau. Although not observed for NDL-PCBs, seasonal differences were observed for DL-PCB levels. The congener patterns were the same, but the concentrations were higher for spring samples with a mean DL-PCB value of 2.1 ± 0.8 ng g À1 fat (2.51 ± 1.50 pg TEQ WHO05 g À1 fat), compared to fall samples with a mean DL-PCB value of 1.3 ± 0.6 ng g À1 fat (1.80 ± 0.97 pg TEQ WHO05 g À1 fat). The feeding of camels in all the sampled farms was limited to the natural pastures. The seasonal changes in feeding were limited to the change in grass quality. At spring, the growth of the grasses was high and the environmental conditions were favorable for a higher absorption of pollutants than in autumn where the growth of the plants was highly reduced. The potential influence of the breeding season was not taken into account because of lack of data. For camels, the calving season is linked to the rutting season, which is limited in the year. All births occur between February and April. Few physiological effects were observed in our samples.
PCDD and PCDF concentrations
The abundance of PCDD/F congeners for all samples, based on the sum of 7 PCDDs and 10 PCDFs, is reported in Table 1 and compared to Belgian cow milk in Fig. 5a and b. Except for 1,2,3,6,7,8-hexaCDD, all PCDD/F congeners were present at higher concentrations in camel samples, although the same pattern is observed. A limited comparison can be done between 2,3,7,8-TCDD concentrations reported in the present study (mean 0.08 ± 0. 07 pg g À1 fat, median 0.08 pg g À1 fat, range 0.00-0.18 pg g À1 fat, 60% >LOQs) and concentrations of a previous study were one sample from state farm and one sample from a rural area were reported to be 0.89 pg g À1 fat and <0.1 pg g À1 fat, respectively (Hooper et al., 1999 Table 2 ). This represents 1% decrease when using the TEF WHO05 scale. This is much less than the expected 10% decrease for dairy products (EFSA, 2010b) (Fig. 6 ). These data clearly indicate that the geographical localization of Atyrau is more impregnated by PCDD/Fs and DL-PCBs than the other regions included in this study. Both PCDD/F and DL-PCB concentrations were higher than for all other samples. Based on the EU Commission Regulation 2006/1881 (Commission Regulation 1881, 2006), products collected in Atyrau in spring should not be consumed to ensure efficient protection of public health. As it is the case for Baltic region fish species, one could argue that a special derogation could be granted for local consumption as camel milk product consumption is supposed to have a positive health impact (see introduction part). However, because each of these Atyrau four sample pools exhibited DL-PCB concentrations higher than the DL-PCB EU action level (2 pg TEQ WHO98 g À1 fat) (Fig. 6) , it is recommended to initiate investigations to identify the source of contamination, take measures to reduce or eliminate the source of contamination, and check for the presence of NDL-PCBs (Commission Recommendation 2006/88/EC, 2006).
For both DL-PCB and PCDD/F data, all the detected (1, 2, 3, 7, 8, 1, 2, 3, 4, 6, 7, OCDD, 2, 3, 7, 1, 2, 3, 7, 8, 1, 2, 3, 4, 6, 7, 1, 2, 3, 4, 7, 8, OCDF, PCB 77 , and PCB 81 were below LOQs) of the 29 congeners expressed higher concentration concentrations, although NDL-PCB concentrations were similar to the other localizations. The information collected at the time of sampling did not allow an explanation of those elevated concentrations. Further dedicated specific sampling should be carried out to further investigate the situation and demonstrate the recurrence or not of such non-compliant samples, especially in the proximity of the field of Tengiz. In terms of seasonal trend, it appeared that the mean of the sum of PCDD/F and DL-PCB TEQ concentrations tend to be higher in spring than in fall (3.38 ± 1.51 pg TEQ WHO05 g À1 fat in spring, 2.51 ± 0.98 pg TEQ WHO05 g À1 fat in fall). No species differences were recorded. Fig. 7 shows the relative contributions of PCDFs, PCDDs, and DL-PCBs (NO-PCBs and MO-PCBs) to the total TEQ value for Kazakh camels and compare them to Belgian cows. The larger contribution of NO-PCBs for camels is due to PCB 126. The use of TEF WHO05 scale tends to reduce the % contribution of PCDFs (through the reduction of the 2,3,4,7,8-PeCDF TEF) and increase the % contribution of MOPCBs.
Summary and conclusions
Despite the concern for the potential presence of POPs in camel products, this is the first report on the concentrations of selected NDL-PCBs, DL-PCBs, and PCDD/Fs in camel milk collected in the Republic of Kazakhstan. Although the number of samples was relatively limited, this study is representative of general Kazakhstan concentrations because of the fact that those samples were issued from pooling of a large number of specimen collected in different regions, during different seasons, and for two different camel species.
NDL-PCB concentrations measured in camel milk (6.3 ± 2. 7 ng g À1 fat) were lower than average EU cow milk concentrations (9.2 ± 3.4 ng g À1 fat) and far below the maximum value of 40 ng g À1 fat proposed by the EU. The high contribution of PCB 52 and PCB 101 (>60%) to the sum of the 6 indicator NDL-PCBs however indicates possible differences in the route of exposure to PCBs in Kazakhstan.
For MO-PCBs, PCB 105 and PCB 118 also appeared to be present at higher concentration concentrations in camel milk, relative to EU cow milk. For all samples, 2,3,7,8-TCDD concentrations were very low (0.08 ± 0.07 pg g À1 fat) and 2,3,4,7,8-PeCDF was the major contributor (27%) to the PCDD/F TEQ WHO05 . All samples were below the maximum level of 3.00 pg PCDD/F TEQ WHO98 g À1 fat set by EU. PCB 126 was the major contributor (80%) to the DL-PCB TEQ WHO05 . Considering the total TEQ WHO05 (sum of DL-PCBs and PCDD/Fs), DL-PCB and PCDD/F contributions were in the ratio of 3-1. A decrease of only 1% of the total TEQ was observed when using the TEF WHO05 scale instead of the TEF WHO98 scale.
In general, the concentrations were higher in the region of Atyrau, independently of seasons or species, with two pools exceeding the maximum EU value of 6.00 pg TEQ WHO98 g À1 fat. This suggests that the human exposure in the Caspian Sea region of Atyrau is expected to be higher than in the other regions studied here. This point could be linked to the importance of oil extraction in the area which is considered to be the most risk for air and soil pollution in steppe regions around (Ongarbayev and Mansurov, 2008) . Further measurement campaigns are needed to confirm those observations and potentially locate specifically contaminated rural area that might have been hidden by the pooling procedure, especially in the Atyrau region. Because of the high consumption of camel milk based products, this is of prime interest to implement environmental quality control of dairy cattle to reduce risks of human exposure. This is especially true in the eventuality where camel milk would be promoted and used as a complement or a substitute to mother's milk for toddler feeding.
